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C ‘«CUT AND PASTE’ ALGORITHMS
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A ‘CUT AND PASTE’ ALGORITHM

e Predictor phase:

% I —d, + Atv, + (1/2 — B)Ata,
Vagl = Vp + (1 —v)Ata,

e Equation solving phase:

An41 — 0 '
for s =1,NS do
as,., = —(M° + BAPK®)TIK S,

SxS
Any1 = ant+1 +M’ag 4

—1
Ap+4+1 — M An+1

e Corrector phase:

dn+1 — an—}—l + /BAtQan—%—l

Vil = Vpt1 + YALaR+1
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C INTERPROCESSOR COMMUNICATIONS

REDUCED SUBSTRUCTURES SHOWING THE
COMMUNICATION DUE TO SHARED DEGREES
OF FREEDOM .

| 1072
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¢ OVERVIEW OF GENERAL PROPERTIES

e Parameters:

n = Number of dof in structure.
s = Number of element groups.
p = Number of processors.

i = Number of interface dof.

e General properties:

i) Newmark’s method is obtained for s = 1.

ii) Unconditional stability for all s and v 2
( 1/2, 8 > v/2.

iii) Full concurrency on a p-processor machine
(p < n) except for O(i) operation (mass-
averaging).

iv) For given accuracy and n/s - oo,

_ [ O(pvs), (2D)
SPEED —UP = {oés), (3D)

FRECEDING FAGE BLANK NOT FIiLMED
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N Computation | Communication | efficiency | Rate

time (milisec.) time (milisec.) % Mflop

64 147 0.46 76.32 | 0.233

96 2.20 0.46 82.86 0.253

| 160 3.67 0.46 8896 | 0271
288 6.61 0.46 93.55 0.285

« 544 12.49 0.46 96.48 0.294

Table 5. Performance of the Bar problem on the 32 Processor Hypercube.

No. of Computation Communication efficiency Rate
Elements | time (milisec.) time (milisec.) T Mflop
128 252 7.8 76.3 0.232
288 57.1 8.6 87.0 0.265
800 161.3 10.6 ’ 93.9 0.286
2592 5309 14.6 l 97.3 0.297
9248 1915.2 226 : 98.8 0.301
|
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COMPUTATIONAL EFFICIENCY
o COST = —é—nb2 + 2nb , (b = semi-bandwidth)

e Square mesh, [? elements:
1

GLOBAL = -2-(1 +2)2(L+1)2 +2(1+2)(1 + 1)°

e Partitioned mesh, s = m? subdomains:
PARTITIONED =

S () o) ()
s |l=|—+2 — +1 + 2 —+2){—+1

2 \m m m m

e Equation solving speed-up (n/s — c0):

GLOBAL
SPEED -~ UP(2D) = mmmmronp ~ O)
SPEED ~ UP(3D) = oz = O(M%)
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® ACCURACY ANALYSIS

e Algorithmic phase errors, 1D case:

AL —

e Maximum celerity of computed waves

Cmaz = AL[At

AL = subdomain size

e For accurate results, need to take

Crmaz = Cy OR At<AL/c

wave celerity

v
Il
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C ACCURACY REQUIREMENTS

e Square mesh, s = m? subdomains:

AL = L/m =~ O(1/+/3)
At < ALJc = L/me = O(1//3)

e Net speed-up (p = 1):

SPEED — UP(2D) = O(s) x O(1/1/s) = O(/3)

e Cubic mesh, s = m3 subdomains:

AL=L/m= O(1/s'/3)
At < AL/c= L/mc= 0(1/s'/?)

e Net speed-up (p = 1):

SPEED — UP(3D) = O(s*/%) x O(1/s'/%) = O(s)
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C NUMERICAL TESTS

e Square membrane, simply supported, subjected
to uniform initial velocity.

e Finite deflection FE formulation. Triangular el-
ements:

ot

W=_1_
2 Ag

T = tension
Ao = initial area of triangle
A = deformed area.

( o Quadrilateral elements:

e Parameters: L=2,T =1, p=1.

e Irror measure:
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UNIFORM IMPACT (8 = 0.25, 7 = 0.5)

NEWMARK, h = 0.005
1 SUBDOMAIN, h = 0.05
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SINGLE-PROCESSOR SPEED-UPS

1024 ELEMENT CASE

NSUB Secs. Speed-up | Theory
1 1143 1 1
4 776 1.47 2
16 521 2.19 4
64 326 3.51 8
256 156 7.31 16
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